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Extraction with different organic solvents
The fresh leaves of C.haematocephalawere dried at room temperature in shad and grinded to fine powder. Air dried fine powdered of C. haematocephalaleaves was extracted by methanol in percolator at room temperature till exhausted, and evaporated till dryness in rotary evaporator at 40 o Cthen kept in refrigerator until use.
Cell culture and virus
Green monkey kidney (GMK) and coxsackievirus B3 (Nancy) strain wereobtained from the Slovak Medical University. GMK cells were cultivated in Eagle´s minimum essential medium (EMEM) (Lonza, Belgium) supplemented with 10% heat inactivated fetal bovine serum (FBS), 100 units/ml penicillin, 100µg/ml streptomycin, and 1%HEPES (4-2-hydroxyethyl-1-piperazineethanesulfonic acid). All reagents were puchased from Lonza, Belgium.The medium used for the cytotoxicity and antiviral assays contained 2% of the appropriate fetal bovine serum. Viral CVB3 stocks were prepared in GMK cells and kept at -80 o C until used.
Coxsackie virus B3 (CVB3) represents current major threats to public health and considers as an important viral pathogen related to viral myocarditis. We determined the safety of methanolic extract of Calliandra haematocephala in non-infected mice then two safe doses were selected to be evaluated in infected mice with CVB3 by determining the morbidity, mortality, heart to body weight ratio (HW/BW), virus titers in heart tissue. The effect of the extract on the heart tissues and the activities LDH, AST, and CK enzymes in the mice infected with CVB3 were also determined. Our results recorded that the methanolic extract at 100 mg/kg body was safe dose in mice and didn't shown significant changes in funtions or histological structures of liver and kindey in non-infected mice and therefore we used 100 mg/kg and 50 mg/kg to be evaluated in infected mice with CVB3. We observed that the methaolic extract of Calliandra haematocephala leaves at the two doses decreased the morbidity, mortality, HW/BW, virus titers, necrosis and mononuclear cell infiltration. The levels of LDH, AST, and CK enzymes were also reduced in the treated infected mice compared with those untreated infected mice. This result suggested that the methaolic extract of Calliandra haematocephala may represent a potential antiviral drug to treatment viral myocarditis
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Virus titration
Virus was titrated on GMK cells in 96 well microtiter plates as described previously (Bopegamage et al., 2003) . Tissue culture infectious doses/ml (TCID50/ml) were calculated using Kärber method (Karber, 1931).
Cytotoxicity determinations in vivo
BALB/c male mice, 4 weeks old (17-20 g) were obtained from animal house of National Research Center, Cairo, Egypt. Mice were divided into 6 groups of 10 mice. Five groups were treated by different concentrations of methanolic extract of C. haematocephala (100, 250, 500, 750 and 1000 mg/kg body weight/day), one control group. Mortality of mice was controled daily during the 8 weeks.
Effect ofmethanolic extract of C. haematocephala leaves on liver and kidney function and structure sub-chronictoxicity Biochemical measurements and the serum glucose level were analysed by an enzymatic colorimetric method. The liver function tests such as the activities of serum albumin, total billirubin, aspartate transaminase (AST), alanin transaminase (ALT),alkaline phosphatase (ALP), and gamma glutamyltransferase (γ-GT) levels as well as serum glucose and kidney function tests such as creatinine and urea nitrogen, and total protein levels were also measured spectrophotometrically by standardized commercial kits as described by (Webster, 1974 
Antiviral activity
Forty BALB/c male mice, 4 weeks old (17-20 g) obtained from animal house of National Research Center in Cairo were used in this study. These mice were divided into 5 groups of 8 each. Of which, four groups of mice were infected intraperritoneally with CVB3 (10 4 TCID50/0.1 ml) and the remaining group was used as negative control and was similarly injected intrapritoneally with 0.1 ml of PBS (phosphate saline buffer) without viruses. After additional 24 hours, twenty four of inoculated mice were orally given methanolic extract (100 mg/kg body weight/day, n=8 & 50 mg/kg body weight/day, n=8) or injected intraperritoneally with ribavirin, which were used as positive control at a dose of 10 mg/kg (n=8) daily for 7 days. Eight inoculated mice were treated with 0.9% NaCl solution daily and used as infected control. The negative control (n=8) were given orally 0.9% NaCl solution daily. The morbidity (such as trembling, loss of appetite, diminished vitality, ruffled fur, and weight loss) and mortality were recorded daily during the 7-d experiment. Mice were sacrificed on day 7 (4 in each group) after viral exposure. Blood was collected from the eye sockets and separated into serum to determine the lactic dehydrogenase(LDH) (Biosystem, Spain), creatine kinase(CK) (Spinreact, Spain), and aspartate transaminase(AST) (Randox, UK) activities by using commercially available kits. The ratio of BW/HW as the heart index was determined by measuring the body weight (BW) and heart weight (HW) of each mice. The heart was divided into two parts, one part of the hearts of mice in each group was homogenized in 1.5 ml of test medium followed by frozen and thawed twice to release CVB3 from heart tissue then centrifuged at 1200xg for 15 min. Virus titers was determined by the plaque assay with GMK cells (Bishop and Koch, 1969). The other part of the hearts of mice in each group were fixed in 10% buffered then sectioned (4µm thick) and stained with hematoxylin-eosin. Sections of hearts were scored for myocardial necrosis as described previously (Zhang et al., 2006). Photographs for myocarditis signs were taken under an inverted microscope using camera (Cannon) . The remaining four mice of each group were checked daily to determine the changes in body weight and any deaths.
Statistical analysis
All data obtained were expressed as mean, ± S.D., and examined by one way analysis of variance (ANOVA), CoStat Computer Program. A probability values of less than 0.05 was regarded as statistically significant.
RESULTS AND DISCUSSION
Cytotoxicity determinations in vivo
For the acute toxicity study, 100, 250, 500, 750 and 1000 mg/kg body weight of the C. haematocephala methanolic extract were administered through orally to mice and obvious symptoms of toxicity and mortality were monitored for 8weeks. Dose 100 mg/kg body weight of methanolic extract induces 10% mortality of mice. Administration of C. haematocephala methanolic extract at concentrations of 250, 500, 750 and 1000 mg/kg body weight recorded mortality mice by 30 % (Tab. 1). So, 100 mg of methanolic extract/kg body weight was selected as safe dose to determine the biochemical indices in mice. Unfortunately, no litratures were found concenring the cytotoxicity of methanolic leave extract of C. haematocephala. However, ethanolic leaf extract of another species of genus Calliandra(Calliandra portoricensis) was found to be safe with LD50 = 150mg/kg (Onyema et al., 2012). The effect of methanolic extract of C. haematocephala leaves on liver and kidney function and structure Sub-chronictoxicity
This study represent the first report concering the safety of methanolic leaf extract of C. haematocephala. The effects of daily oral administering dose at 100mg/kg body weight of the extract for 8 weeks on albumin, bilirubin and glucose levels are shown in Tab. 2. The results showed that the extract did not cause any significant changes on the level of the albumin, bilirubin and glucose as compared to control group. Aminotransferases (ALT and AST) are produced in the liver and are good markers of liver cells damage (Rej, 1989) . Administration of healthy mice with C. haematocephala methanolic extract at 100 mg/kg body weight caused significant decrease in the levels of liver function enzymes AST by 7.13 unit/ml (18.91%) and ALT by 7.21 unit/ml (13.70%), The reduction in the level of AST and ALT at the 1st week was temporary and the level increased to the normal level at the 2nd week and persisted to the end of the experiment(Tab. 3). The level of ALP was decreased in 1 st week of treatment by 14.19 units/ml and then slightly increased from the 2nd week until the 8th week as compared to control group. However the extract didn't caused significant changes in the level of GGT along the experiment (Tab. 3). Kidney function indicators, changes in creatinine, urea and total protein were observed after administration of mice with the extract at dose 100 mg/kg body weight daily for 8 weeks. Tab.4 shows that the changes were insignificant. They are normally present at low levels in the blood so if the liver cells are damaged, it would be expected that some of the enzymes leak into the blood and increase in levels. If there is tissue damage, some of these biomolecules find their way into the serum probably by leakage through altered membrane permeability (Akanji and Yakubu, 2000). Microscopic examination of liver of control mice showed normal structure of the central vein, hepatocytes, and blood sinusoids ( figure 1, A) . Histopathological examination of sections of liver of the treated mice with the methanolic extract of C. haematocephala for 1-8 weeks showed the normal histological structure (figures 1, B-I) and normal architecture suggesting no morphological disturbances. 
Morbidity, mortality, and HW/BW ratios in vivo.
By day 3 after viral exposure, some mice especially in the viral control group showed morbids. The morbidity was 87.5% (7/8) in infected mice group while it reduced to 12.5% (1/8) and 25% (2/8) in mice treated with total alcohol of C. haematocephala at the doses of 100mg/kg and 50 mg/kg respectively. The mortality was found on day 9, some of mice especially in the viral infected control group began to die, and by 14 day, all of them had died. But there was no any deaths in the mice treated with the methanolic extract of C. haematocephala at the two doses 100 mg/kg and 50 kg/kg (Tab. 6). The HW/BW ratios were significantly increased in the infected control mice without treatment than that of those treated mice with the methanolic extract of C. haematocephala at the two dosages (100 mg/kg and 50 kg/kg) compared with those in the normal control group (Tab.6).
Virus titers of hearts in vivo experiment
The virus titers were significantly decreased in the hearts of mice group treated with the methanolic extract of C.haematocephala leaves than that of those in the viral infected control group where the virus titers 4.32±0.23 in the myocardial cells of the infected mice but significantly reduced to 2.41±0.85 and 2.87±0.44 in the myocardial cells treated with 100 and 50 mg methanolic extract of C. haematocephala leaves (Tab. 6), indicating that the methanolic extract of C.haematocephala possess potent antiviral activity against coxackie B3 virus. The exact mechanism of viral inhibition by our extracts in treated mice is not clear. However, we suggest that the methanolic leaf extract may be inhibited the virus replication by blocking the coxsackievirus and adenovirus receptor ( Effect of methanolic extract of C. haematocephala leaves on the activities of LDH, AST, CK.
The changes in the activities of lactic dehydrogenase (LDH), aspartate transaminase (AST), and creatine kinase (CK) is an indicator to injury to heart (Baba et al., 1976). We observed that the activities of LDH, AST, and CK enzymes were significantly increased in the serum of viral infected group than those observed in mice treated with methanolic extract of C. haematocephala at the two dosage (at 100mg/kg and 50 mg/kg),when they were compared to that in the normal control (figure 3).These results indicated that the methanolic leaf extract protected the cardiac tissue from the harmful effect of CVB3 and decreased the leakage of these enzymes to blood stream and therefor their levels in the serum of treated mice were found at normal values when compared with infected controlmice. 
Pathological findings
The hearts of normal control group showed that the cardiac muscle cells have arrangement structure with clear nucleolus in addition to there were no necrotic cardiomyocyte and mononuclear cell infiltration in the normal myocardium. Tissue damage of cardiac muscle cells and scores of necrosis and infiltration were observed in viral infected control and ribavirin control while these signs were absent in the groups treated with methanolic extract from C. haematocephala leaves at the two doses 100mg/kg and 50mg/kg body weight/day (Figure 4) . 
CONCLUSION
In the present study, we evaluated the safety as well as the antiviral activity of the methanolic extract of Calliandra haematocephalaleaves in mice. The antiviral activity was evaluated by determination of the morbidity, mortality, HB/BW ratios, virus titers, pathological scores,and AST, CK, and LDH activities. Our results showed that the extract is safe for medication use at 100 mg/kg body weight where niether mortality, nor signficant altrations in enzymes and morphological structures of liver and kidney organs. For antiviral activity, the infected mice treated with methanolic extract of C. haematocephala leaves at 100 mg/kg and 50 mg/kg showed significant decreasingof mortality, HB/BW ratios, virus titers, pathological scores,and AST, CK, and LDH activities than those in the viral infected control. These results indicate that the methanolic extract of C. haematocephala may represents as a potential antiviral agent for treatment of myocarditis causing coxackievirus.
